Nous avons pu montrer que l'essentiel de l'azote apporté est prélevé par la prairie dès la mi-décembre et que près de 40-50°/ de l'azote suplémentaire est utilisé dans les nouvelles talles qui se forment au cours de l'hiver. Ainsi, l'essentiel de l'azote qui sert à l'édification des nouvelles talles pendant I hiver a déjà été prélevé par la prairie durant le mois de décembre et est réutilisé par la suite grâce au recyclage lors de la sénescence des vieilles feuilles. Les grandes feuilles formées à l'automne en conditions de température élevée sont progressivement remplacées par des feuilles plus petites formées à plus basses températures. Cette substitution laisse un solde positif d'azote qui peut être utilisé pour la croissance des jeunes talles à une période ou l'absorption d'azote du sol est limitée par les faibles températures.
Introduction
There is very little information available on the quantities of nitrogen available for uptake by the grass swards during winter. Corall and Clement (1965) have shown that absorption of nitrogen during winter by mediterranean ecotypes of tall fescue was lower than that of north european types despite their higher growth rates during this period. They conclude that mediterranean ecotypes had a higher capacity for absorption in autumn and that the recycling of nitrogen during winter was sufficient to provide for their growth. Tomka and Lihan (1976) reported that the application of nitrogen in autumn has a large effect on spring growth, provided it is not applied too late. These authors indicated that if the application was too late, losses by volatilisation became important. Jones et al. (1977) working in a Bromus mollis sward using 15 N techniques have shown that after an application of 100 kg N in October, 33% of the nitrogen was accumulated in the aerial plant parts during winter, 61% remained in the soil plus roots, and 10% was lost by leaching. When 500 kg N/ha was applied in October, they found 34% in the aerial plant parts, 24% in the soil plus roots, 14% lost by leaching and 28% lost by volatilisation. Savage (1978) showed that the aerial biomass was greatly increased after an application of 56 kg N/ha in autumn. These results suggest that most of the nitrogen applied had beed absorbed by plants. All The effects of N supply in autumn on an overwintering sward of tall fescue was studied at Lusignan and the results presented in a previous paper (Lemaire and Culleton, 1989) . It was showed that the effect of nitrogen applied in autumn on growth was immediate, and that there was no noticeable effect on growth in the following spring. There were no available residues of nitrogen persisting after the winter in the soil.
A study of the dynamics of nitrogen uptake by sward during winter is necessary to fully understand the effects of autumn application of nitrogen. This paper examines the movement of nitrogen in the sward during winter. Due to the importance of leaf senescence during winter (Lemaire, 1985) , the recycling of nitrogen within the plant and the return of nitrogen to the soil by litter must be taken into account.
Materials and Methods
The experiments and climatic conditions have already been described in a previous paper (Lemaire and. Culleton, 1989 (Lemaire and Culleton, 1989 (Lemaire, 1985) (experiment 2) and [1984] [1985] The number of tillers, T, in spring 1983 in experiment 2, was estimated to be approximately equal to 3,000 tillers m-2 (Lemaire and Culleton, 1989) . S (cumulated senescence) reached a value of 33 cm for 60 kg N and 25 cm for 0 kg N after the early cut in autumn (D1 ) and 13 and 11 cm for 60 kg and 0 kg N respectively after the late cut in autumn (D2) (Fig. 5) .
The ratio between quantities of nitrogen in laminae and sheaths (a) Nitrogen uptake Ut by the sward during winter can be derived by using equation (3). These values are given in Table IV . Nitrogen application after the early cut in autumn (D1) allowed extra uptake of nitrogen to the level of 45 kg (this corresponds to an apparent recovery coefficient of 75%). However, after the late cut in autumn the apparent recovery rate was only 17 kg (28%).
The turnorer of nitrogen is expressed by the ratio Nr/Nt. This ratio was, as expected, higher after an early cut in autumn than after a late cut. These results show that nitrogen is more efficiently recycled when nitrogen nutrition is deficient, as had been previously demonstrated by Gastal (1984) The final size of a leaf is affected by the temperature during its growth (Robson, 1973; Lemaire, 1985 The increase in number of tillers during winter appears to be the main factor explaining the earliness of growth in spring (Lemaire and Culleton, 1989) . Nitrogen nutrition in autumn improves tillering, and a large proportion of nitrogen uptake before winter is recycled from old tillers to new ones. This effect of nitrogen requires in depth study with attention paid to the interaction of autumn management strategies of the sward for optimising tillering during winter.
